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(54) CAMERA PROVIDEO WITH INFRARED-RAY CUT FILTER 

(57)Abstract: 

PURPOSE: To improve the infrared-ray stray light 
preventing structure of a CCD camera, and to 
miniaturize the camera. 

CONSTITUTION: The CCD camera is constituted of an 
image forming optical system 1 including optical 
elements arrayed along an optical axis, and an image 
pickup element such as a CCD 2. An infrared-ray cut 
filter 7 constituted of a direct infrared ray transmission 
preventing dielectric multi-layer film is formed on the 
surface of a specific optical element, for example, a lens 
6 in order to interrupt the stray light in an infrared 
wavelength area. The multi-layer film infrared-ray cut 
filter 7 can be formed on the surface of a crystal fitter 4, 
or the surface of a cover glass 5 instead of the lens 6. 
The multi-layer film infrared-ray cut filter 7 is a hyaline, 
and the thickness of the film is extremely thin, so that 
the image forming system 1 can be miniaturized. 
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1. This document has been translated by computer.So the translation may not reflect 
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CLAIMS _______ 

[Claim(s)] . , ^ , 

[Claim 1] The camera with an infrared cut-off filter characterized by preparmg a direct 
infrared transparency prevention dielectric multilayer in the front face of a specific optical 
element in the camera which consists of image formation optical system contaimng the optical 
element arranged along with the optical axis, and an image pck-up element m order to 
intercept the stray light of an infrared wavelength field. 

[Claim 2] This specific optical element is a camera with an infrared cut off filter according to 
claim 1 characterized by being a lens. 

[Claim 3] This lens is a camera with an infrared cut off filter according to claim Z 
characterized by having the field where the degree of the maximum incident angle to an 
optical axis becomes 30 degrees or less in image formation optical system. 
[Claim 4] This specific optical element is a camera with an infrared cut off filter according to 
claim 1 characterized by being cover glass arranged just before the image pck-up element. 
[Claim 5] This specific optical element is a camera with an infrared cut off filter according to 
claim 1 characterized by being the crystal filter allotted to the latter part of image formation 
optical system. 

[Claim 6] The lens characterized by being covered with the infrared transparency prevention 
dielectric multilayer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] the lens of plurality [ this invention ] - it is related with the camera 
equipped with the image pckup element which consists of image formation optical system 
which consists of members etc., CCD, etc. It is related with the structure for intercepting the 
stray light of an infrared wavelength field in more detail. 
[0002] 

[Description of the Prior Art] Conventionally, as an image pck up element of small video 
cameras, such as a SABE lance camera, CCD (Charge Coupled Device) is used abundantly. 
This CCD image sensor transmits this for a short time, and reads it as a video signal while it 
accumulates the signal charge produced by photo electric translation over the 1 field or the 
period near one frame. CCD has latus sensitivity comparatively and, in addition to the light oi 
a visible region, also answers the light of a near infrared region. However, in the video camera 
used for the usual photographic subject photography, an infrared incident light turns into the 
stray light and faults, such as a fall of resolution, degradation of a blooming bUMlYA 
property, or silverfish and nonuniformity of a picture, are brought about. For this reason, the 
infrared cut-off filter was inserted in the optical system of a video camera. The infrared cut oti 
filter generally used is a colored-glass board, for example, the thing equivalent to 
colored-glass CM-500 made from a sea squirt was used. 

[0003] . , 

[Problem(s) to be Solved by the Invention] A considerable grade miniaturization may nave to 
be attained depending on the use of a video camera. For example, the camera for mount and 
the SABE lance camera for crime prevention surveillance which are built into the rear ot an 
automobile require the micro thing which has the camera aperture of about 10mm. Not only 
camera aperture but reduction of optical-axis length is demanded. However, with the 
conventional stray light prevention structure, since item infrared cut off filters, such as a 
colored-glass board, were inserted in optical system, excessive hold space is needed and only 
the part has the problem that the miniaturization of the lens system of a video camera was 
checked **** [ insertion of coloring sheet glass / produce / loss of the permeability to an 
incident light / in addition, / only the part ] In order to compensate this, it is necessary to take 
many amounts of incident lights, and there is a trouble of becoming the hindrance of a 
miniaturization of a lens system. In addition, the thickness of the colored-glass board lor 
infrared cut off filters usually used is 1mm - about 3mm. 

[0004] , , , . _ . 

[Means for Solving the Problem] in view of the trouble or technical problem ol a Fnor art 
mentioned above, this invention has improved the stray light prevention structure of a near 
infrared region, and used CCD - it aims at attaining the miniaturization of a camera The 
following means was provided in order to attain this purpose. That is, in the camera which 
consists of the image formation optical system and image pck up elements, such as CCD, 
containing the optical element arranged along with the optical axis, in order to intercept the 
stray light of an infrared wavelength field, a means to prepare a direct infrared transparency 
prevention dielectric multilayer in the front face of a specific optical element was provided. 
The lens contained for example, in image pck-up optical system as a specific optical element 
in which this multilayer is formed can be chosen. As for the selected lens, it is desirable to 



have the field where the maximum incident angle to an optical axis becomes 30 degrees or 
less in image formation optical system. As this specific optical element you may be coyer 
glass arranged just before the image pck-up element instead of a lens. Or you may be the 
crystal filter allotted to the latter part of image formation optical system. 

[Function] The infrared transparency prevention dielectric multilayer used for this invention 
is a kind of an interference filter, and it makes the light of a visible region penetrate very 
efficiently while it uses interference of the light by the thin film and reflects or absorbs only 
the light of an infrared wavelength field alternatively. A dielectric multilayer is formed m the 
front face of the selected optical element, for example, a lens, by direct vacuum deposition etc. 
A dielectric multilayer is transparent and colorless while it is at most several micrometers m 
thickness. Therefore, by using this, conventional coloring sheet glass or conventional 
infrared-absorption sheet glass becomes unnecessary, and the size of a camera can be 
miniaturized. The infrared-absorption sheet glass used conventionally had the thickness ol 
about several mm while coloring it light blue including the copper compound generally. 
[0006] Since an infrared transparency prevention dielectric multilayer performs a biter 
operation using the multiplex interference between layers, it has a dependency over an 
incident angle, vertical-incidence light - receiving -■ abbreviation - although it has perfect 
interception efficiency, interception efficiency becomes bad as it inclines from an optical axis 
Therefore, when applying to wide angle cameras, such as a SABE lance camera, in order to 
suppress an incident angle dependency if possible, as for an infrared transparency prevention 
dielectric multilayer, it is desirable to form in the front face of the specific lens which has the 
field where the degree of the maximum incident angle becomes 30 degrees or less. When it 
puts in another way, in image formation optical system, it is desirable to take into 
consideration by design so that the 1st [ at least ] page of the lens side where the degree of 
incident angle of light becomes 30 degrees or less at the maximum may be established. 
[0007] The infrared transparency prevention dielectric multilayer formed in specific optical 
element front faces, such as a lens, reflects alternatively the near-infrared light which has the 
wavelength of 700-1000nm among incident lights. On the contrary, the light with the 
wavelength of 400-600nm is seen on the average, and is made to penetrate just over or below 
90% For this reason, it becomes possible by using this optical element to prevent the stray 
light to CCD effectively. As an optical element, although cover glass and the crystal inter 
other than a lens are chosen, an equivalent operation is obtained. 

[Example] With reference to a drawing, the suitable example of this invention is explained in 
detail below. Drawing 1 is the typical fragmentary sectional view showing one example ol the 
camera with an infrared cut off filter concerning this invention, this example is use jd for the 
object for mount, or crime prevention surveillance - they are micro and the SABE lance 
camera of a wide angle Camera aperture is about 10mm, optical-axis length is about dozens ol 
mm, and a photography angle of visibility is 120-130 degrees. The SABE lance camera 
consists of image pck-up elements which consist of image formation optical system 1 
containing the optical element arranged along with the optical axis, and CCD 2 so that it may 
illustrate. The image formation optical system 1 contains the cover glass 5 grade with the lens 
system containing a condenser lens, a correcting lens, an objective lens, etc., the Held 
diaphragm 3, and the crystal filter 4. . 
[0009] Especially in this example, the infrared cut off filter 7 which consists of an infrared 
transparency prevention dielectric multilayer is formed in the front face of the specific 
selected lens 6. This multilayer infrared cut-off filter 7 has the thickness of about several 
micrometers while it is transparent and colorless. Therefore, the axial-length size of the 
parenchyma top image formation optical system 1 is not affected. Moreover, a camera 
aperture size is not affected, either. 

[0010] Drawing 2 is the geometrical optics view of the SABE lance camera shown in drawing 
1 Along with an optical axis 8, it is condensed through image formation optical system and 
the parallel incident light 9 ties an image in the center of the image formation side 10 ol COD 
On the other hand, it is condensed by image formation optical system, and the incident ligbt 



11 which has an about 60-degree maximum angle of inclination to an optical axis 8 also 
connects an image to the edge of the image formation side 10. At this time, the maximum 
inclination incident light 11 passes with the inclination of 30 degrees or less to an optical axis 
8 to the specific lens 6 with which the multilayer infrared cut off filter 7 was given. Therefore, 
the considerable grade suppression of the incident angle dependency of the multdayer 
infrared cut off filter 7 can be carried out. Thus, it is desirable to choose the lens which has 
the field where the maximum incident angle is small, and to form the multdayer infrared 

cut-off filter 7. , • j - i t ~A a ~ 

[0011] Drawing 3 is the modification of the SABE lance camera shown in drawing! .In order 
to make an understanding easy, the corresponding reference number is attached about the 
component part. In this example, the multilayer infrared cut-off filter 7 is directly formed m 
the front face of a crystal filter 4. This crystal filter 4 is allotted to the latter part of the image 
formation optical system 1, and the width of face of the incident angle to this field is 30 
degrees or less. In the case of a color video camera, a crystal filter 4 is needed and it performs 
focusing while it negates a moire pattern by birefringence operation of crystal. A crystal filter 
4 has the laminated structure which generally piled up two or more quartz plates. Board 
thickness, number of sheets, or an array is suitably chosen according to the design condition 
of optical system 1. In this example, the quartz plate of three sheets is used and the 
polarization shaft crosses by 60-degree regular intervals mutually. 

[0012] Drawing 4 shows the modification of further others of the SABE lance camera shown m 
Lwingl In this example, the multilayer infrared cut off filter 7 is formed in the : fr out face 
of cover glass 5. This cover glass 5 is arranged just before CCD2, and has protected this. The 
width of face of the incident angle to cover glass 5 is 30 degrees or less too, and is the portion 
for which it was suitable in order to mitigate the incident angle dependency of the multilayer 
infrared cut off filter 7. In addition, in order to make an understanding easy, the 
corresponding reference number is attached about the parts corresponding to drjiaang-1 • 
[0013] Next, the concrete example of composition of the multilayer infrared cut-oil iilter 7 
shown in drawing^ with reference to dra wing 5 is explained. In this example, a dielectric is 
put on a multilayer using the usual vacuum deposition on it (refractive index n- 1.685) by 
using the specific lens 6 as a substrate. At this example, it is Ti02 to high refractive-index 
film material. It uses and is Si02 to low refractive-index film material. It used. About 
membranous composition, it counts from a substrate side, and is Si02 as a controller A to the 
1st layer Vacuum deposition was carried out by d= 184.8nm of thickness. Next, it applies to 
the 11th layer from the 2nd layer, and is Ti02 of d= 85.1nm of thickness as the mutual section 
B Si02 of d= 136.9nm of thickness Vacuum deposition was carried out by turns. Furthermore, 
it is Ti02 of d= 93.6nm of thickness as a junction layer C to the 12th layer and the 13th layer. 
Si02 of d= 150.6nm of thickness It deposited. Furthermore, it applies to the 14th layer ^or the 
24th layer, and is Ti02 of d= 105.5nm of thickness as a mutual layer D. Si02 of d- 169.8nm ot 
thickness It deposited by turns. It is Si02 as an adjustment layer E to the 25th layer of the 
last. Vacuum deposition was carried out by d= 82.1nm of thickness, in addition, a lens - the 
outer-diameter size of a member 6 is 6mm 

[0014] The transparency property of the multdayer infrared cut off filter 7 shown in drawing 
6 by drawing 5 is shown. This graph has taken wavelength (unit nm) along the horizontal axis, 
and has taken permeability (unit %) along the vertical axis. This filter has the barrier 
property which was extremely excellent to the near infrared ray whde showing 90/. or more 
of permeability to the light bordering on the wavelength of 700nm so that clearly from a graph. 
In addition, the adjustment layers A and E shown in drawings are the things for suppressing 
the 1st ripple 12, and the junction layer C is a thing for carrying out flattening of other ripples 
13 

[0015] It sets to the multilayer infrared cut off filter shown in drasdng_5 , and is Ti02 to high 
refractive-index film material. It uses and is Si02 to low refraction film material. It used and 
membranes were formed with the usual vacuum deposition. However, this invention is not 
restricted to the infrared cut off filter obtained by such material, structure or the process. For 
example it is Ta 205 to high refractive-index film material. It is Si02 to low refractive-mdex 
film material You may perform assistant vacuum evaporationo by ion plating using 



combination. Ti02 shown by drawing 5 at this time Si02 The refractive index distribution by 
the side of short wavelength is smaller than the usual vacuum deposition by combination, and 
it decreases, the wavelength dependency, i.e., the wavelength shift, of permeability. 
[0016] In the example mentioned above, the multilayer infrared cut off filter was formed in 
the lens member, for example, and it had included in the camera. However, the fundamental 
concept of this invention is applicable not only to the lens built into a earner a but a large 
common lens. Then, the example which gave the multilayer infrared cut-off filter to dxawinju 
at the convex lens of an item is shown, this lens - the multilayer infrared cut-off f"ter 15 is 
given to the whole surface side of a member 14 Moreover, the AR film 16 is given to the 
opposed face side. This AR film 16 functions as reflection reducing coating or an antirenection 
film. 

[Effect of the Invention] As explained above, according to this invention, it is effective in the 
ability to inhibit the stray light to image pek-up elements, such as CCD by forming a direct 
multilayer infrared cut off filter in the specific optical element, for example, the front face ol a 
lens, contained in the image formation optical system of a camera. A transparent and colorless 
top, since thickness is very thin, this multilayer infrared cut off filter is effective in the 
miniaturization of the image formation optical system 1 being attained In addition the lens 
member in which the multilayer infrared cut off filter was formed directly can be rep aced not 
only with a camera but with the conventional coloring infrared-absorption glass plate, and 
can be applied to various optical equipments. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . 
[Drawing ll It is the typical cross section showing an example of the camera with an infrared 
cut-off filter concerning this invention. 

[Drawing 21 It is the geometrical optics view of the camera shown in drawing 1 . 

[Drawing 31 It is the typical cross section showing the modification of the camera shown in 

drawing 1 . 

[Drawing 41 It is the typical cross section showing other same modifications, 
mowing 51 It is the ** type view showing the layer structure of the multilayer infrared 
cut off filter shown in drawing 1 . . 
[Drawing 61 It is the graph which shows the transparency property of a multilayer mtrareu 

cut off filter shown in drawing 5 . . . , 

[Drawing 7l It is the ** type view showing the example which applied the multilayer infrared 
cut off filter to the lens front face directly. 
[Description of Notations] 

1 Image Formation Optical System 

2 CCD 

3 Field Diaphragm 

4 Crystal Filter 

5 Cover Glass 

6 Lens 

7 Multilayer Infrared Cut off Filter 
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